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Abstract

Zingiber officinale Rosc. is widely used as spice and medicinal plant in folk and traditional medicines. The aim of this
study was to review the chemical composition and biological activities of Z. officinale (ginger) essential oil. Ginger oil is
extracted from Z officinale rhizomes, which its chemical composition influences from geographical region, extraction
methods, freshness or dryness of rhizomes. The antibacterial, antifungal, analgesic, anti-inflammatory, anti-ulcer,
immunomodulatory, relaxant, and warming effects of ginger oil have been confirmed in experimental and
preclinical studies. The safety issues of ginger oils are well documented and are generally regarded as safe. Due
to wide pharmacological effects of ginger oil, attention to ginger oil as an ingredient of natural formulations in
management of gastrointestinal and respiratory diseases is valuable.
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Introduction

Zingiber officinale Rosc. (ginger), as the member of Zin-
giberaceae family is widely used as spice or medicinal
plant in folk and traditional medicines. The medicinal
part of ginger is rhizomes, which are used in traditional
medicine for treatment of wide range of ailments. In
Ayurveda system, ginger and milk or water in the form
of paste are used externally for treatment of infantile colic.
The combination of ginger with honey is used for asth-
matic bronchitis, cough, hiccups, and respiratory colds. In
traditional Chinese system, fresh ginger is believed to have
mild warm temper, while dried and roasted ones are
regarded as warm and hot, respectively [1]. It is used for
digestive ailments, and appetite disorders [2]. Ginger is
used for digestive problems in western medicine. Henry
VIII recommended the use of ginger for preventing the
plague. The prepared bread with ginger by Greeks is con-
sumed after meal as digestive aid [3]. Blood purifying,
aphrodisiac, sex stimulants, appetizing, anti-flatulent, anti-
spasmodic, anti-hemorrhoid, anti-vomiting, and anti-nau-
sea effects of ginger are other traditional prospects [4].
Ginger rhizomes are containing fatty oils (3-6%), proteins
(9%), carbohydrates (60-70%), crude fiber (3-8%), ash
(8%), water (9-12%), and volatile oil (2-3%). Nowadays,
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ginger hydro-ethanol extracts are extensively used as anal-
gesic, anti-inflammatory, anticancer, anti-diabetic, hepato-
protective, nephron-protective, and antioxidant agents [5],
which has been the subject of many review articles [6-8].
The aim of this review article was to investigate the chem-
ical composition of ginger essential oil and its pharmaco-
logical effects according to published literatures up to
December 2017. The information was extracted from
accessible international electronic databases (PubMed,
Springer, Science Direct, Wiley and Google), and books
(Persian or English), by key word of Zingiber officinalis
essential oil or ginger.

Chemical composition of ginger essential oil
Ginger oil's yield is varying from 1.0 to 3%, depending
upon the source of rhizomes [9]. In addition to the es-
sential oil's yields, the chemical compositions of ginger
oils are affected from the source of rhizome, freshness
or dryness and extraction methods. Due to importance
of essential oil's yields and chemical compositions, these
subjects were reviewed in this section (Table 1).
Investigation in research articles showed that Nigerian
fresh ginger oil (1.02% w/v) was found to have
B-zingiberene (12.2%), 1,8-cineole+limonene+-phellan-
drene (10.5%), geraniol (15%), neral (8.9), B-bisabolene
(5.6%) and P-sesquiphellandrene (6.5%), while its oil
from dried rhizomes (1.84% w/v) had p-zingiberene
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Table 1 The chemical composition of Zingiber officinale essential oil from different geographical region

Yield Rhizomes Components Location Ref
1.02 Fresh B-zingiberene (12.2%), geraniol (15.0%), neral (8.9%), B-bisabolene  Nigeria [10]
(5.6%) and B-sesquiphellandrene (6.4%)
1.84% Dried B-zingiberene (28.1%), geraniol (9.0%), neral (5.3%), 3-bisabolene
(84%) and B-sesquiphellandrene (10.6%)
- Fresh Zingiberene + zingiberol (38.9%), ar-curcumene (17.7%), Bangalore Market  [16]
B-sesquiphellandrene+B3-bisabolene (11%), 3-phellandrene
(4.9%), linalool+a-terpiniol (3.8%)
1.2% Dried Zingiberene (32%), B-sesquiphellandrene (15.6%), B-bisabolene market Iran 7]
(9.3%), ar-curcumene (15.9%)
- fresh a-zingiberene (23.9%), citral (21.7%) Brazil [18]
- - Zingiberene (20-28%), ar-Curcumene (6-10%), Australia [19]
-Sesquiphellandrene (7-11%), 3-Bisabolene (5-9%)
- - a-zingiberene (29-40%), 3-Sesquiphellandrene (10-14%), China ISO 16928:2014
ar-Curcumene (5-11%), camphene (4.5-10%), 3-bisabolene
(2.5-9%),
a-zingiberene (35-40%), 3-sesquiphellandrene India
(11.5-13.5%), ar-curcumene (6.5-9%), camphene (5-8%),
-bisabolene (2.5-5.5%)
a-zingiberene (23-45%), 3-sesquiphellandrene (8-17%), west Africa

ar-curcumene (3-11%), camphene (0.2-12%), B-bisabolene (3-7%)

2.22%-4.17%. unpeeled rhizomes cultivars

Camphene (8.49%), neral (4.95%), geranial (12.36%), zingiberene

North-East India [20]

(20.98%) and B-sesquiphellandrene (7.96%)

- Zingiberene(10.5-16.6%), ar-Curcumene (2.9-9.8%),

India [21]

B-Sesquiphellandrene (5.8-7.2%), e-citral (7.4-10.5%), z-citral
(5.3-7%), o-cymene (0.9-6.5%), camphene (0.9-7.6%),

limonene (1.3-6.4%)

2.4% w/w -

Zingiberene (29.5%), sesquiphellandrene (18.4%), farnesene

Nigeria [11]

(6.46%), germacrene D (3.58%), neral (2.5%), geranial (3.46%),

2.1% -

ar-cucumene (11.7-12.6%), 3-bisabolene (4.1-8.1%)

Vietnam [22]

a-zingiberene (10.3 %), B-sesquiphellandrene (7.4 %)

- - citral (30.8%), zingiberene (17.1%), 3-bisabolene, geranyl acetate (6.7%),

Alergia [23]

B-Sesquiphellandrene (5.9%), 1,8-cineol (6.1%) and geraniol (6.1%)

(28.1%), 1,8-cineole+limonene+f-phellandrene (4.5%), ge-
raniol (9.0%), neral (5.3%), [-bisabolene (8.4%) and
B-sesquiphellandrene (10.6%) as the main components
[10]. The other ginger essential oil from Nigeria, extracted
by hydro-distillation method (2.4% w/w) was containing
zingiberene (29.5%), sesquiphellandrene (18.4%), farnesene
(6.46%), germacrene D (3.6%), neral (2.5%), geranial
(3.56%), neryl acetate (1.2%), and (E,E)a-farnesene (1.9%)
[11]. According to the results of above studies, the ginger
dried rhizome had higher essential oil and [-zingiberene
contents than that of fresh ones.

Furthermore, the drying method had been high effects
on essential oil's yield and the chemical composition of
ginger rhizomes. It has been confirmed that drying the
rhizomes in temperature lower than 70 °C increased the
yield of ginger oil, without any effect on transformation
of 6-gingerol to 6-shogaol, while temperature higher than
70 °C promoted transformation of 6-gingerol to 6-shogaol
[12]. The essential oil from mature freeze-dried ginger
rhizome (Hsinchu, Taiwan), which extracted by hydro-
distillation method and low temperature extraction
using liquid CO, method, resulted in degradation of

non-volatile gingerol contents [13]. Furthermore, zin-
giberene (27.8%), B-phellandrene (12.9%), sesquiphel-
landrene (10.4%), geranial (6.6%), a-curcumene (5.8%),
and B-bisabolene (5.7%) were as the main components
of fresh ginger oil, while drying at 80 °C for 1 h was
resulted in zingiberene (26.4%), sesquiphellandrene
(10.2%), B-phellandrene (10.0%), camphene (7.6%), ge-
ranial (6.6%), ar-curcumene (6.0%), and [-bisabolene
(5.4%) as its main components. Drying these rhizomes
by microwave at 700 W for 2 min resulted in zingiber-
ene (37.1%), B-sesquiphellandrene (12.8%), p-bisabolene
(12.8%), ar-curcumene (8.5%), and p-phellandrene
(7.4%) as the main compounds. Essential oil of silica gel
dried rhizome had been zingiberene (30.2%), sesqui-
phellandrene (12.2%), geranial (8.1%), B-phellandrene
(7.7%), ar-curcumene (6.3%), and p-bisabolene (6.2%)
[12]. Drying the fresh ginger by convection drying, and
microwave drying methods at PL 100 resulted in 2.9 and
3% v/w yield oil versus 3.2% for ginger oil from fresh
rhizome. Zingiberene (23.5%), a-farnesene (12.0%), p-ses-
quiphellandrene (10.3%) and ar-curcumene (5.5%) were
the main components of fresh ginger oil. The concentration
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of zingiberene decreased in essential oils from rhizome
dried by convection drying or microwave PLS higher than
100. The extracted essential oil from dried ginger rhizome
by microwave PL100 had higher gingerol content (about
7%) due to reduction in drying time [14]. Therefore, the
drying method, freshness or dryness and time exposure of
rhizome to heat [14] can influence on chemical compos-
ition and yield of essential oils. The number of phytochem-
ical compounds in ginger oil from dried rhizomes had
higher than the oils from fresh ones (115 vs. 63) [15].

Zingiberene + zingiberol (38.9%), ar-curcumene (17.7%),
[B-sesquiphellandrene+f-bisabolene (11%), p-phellandrene
(4.9%) were the main components of simultaneous distil-
lation extracted ginger oil from fresh rhizome (Bangalore
market) [16]. Zingiberene (32%), [B-sesquiphellandrene
(15.6%), p-bisabolene (9.3%), and ar-curcumene (15.9%)
were the main components of ginger oil (Iran market)
from dried rhizome, which is extracted by hydro-distilla-
tion method (1.2% w/w) [17]. a-zingiberene (23.9%) and
citral (21.7%) were the main components of essential oil
from fresh ginger rhizome, which is extracted by
hydro-distillation method [18]. Zingiberene (20-28%),
ar-curcumene (6-10%), B-sesquiphellandrene (7-11%), and
B-bisabolene (5-9%) were the main components of
Australian ginger essential oil [19].

According to ISO 16928:2014, the pale yellow to amber
ginger oil from China should be containing a-zingiberene
(29-40%), P-sesquiphellandrene (10-14%), ar-curcumene
(5-11%), camphene (4.5-10%), and [B-bisabolene (2.5-9%),
while yellow ginger oil from India should be containing
a-zingiberene (35-40%), -sesquiphellandrene (11.5-13.5%),
ar-curcumene (6.5-9%), camphene (5-8%), and -bisabolene
(2.5-5.5%). The pale yellow essential oil from West Africa
had a-zingiberene (23-45%), B-sesquiphellandrene (8-17%),
ar-curcumene (3-11%), camphene (0.2-12%), and p-bisabo-
lene (3-7%). The essential oil from unpeeled rhizomes culti-
vars from North-East India (2.22-4.17% w/w) had
camphene (8.49%), neral (4.95%), geranial (12.36%), zingi-
berene (20.98%) and p-sesquiphellandrene (7.96%) [20].
The chemical compositions of ginger oils are affected from
geographical condition. Ginger oils, extracted by
hydro-distillation method from three different geograph-
ical locations of India (Mizoram, Chennai and two
varieties from Sikkim) had zingiberene (10.5-16.6%),
ar-curcumene (2.9-9.8%), p-sesquiphellandrene (5.8-7.2%),
e-citral (7.4-10.5%), z-citral (5.3-7%), o-cymene (0.9-6.5%),
camphene (0.9-7.6%), and limonene (1.3-6.4%) [21]. Gin-
ger rhizome essential oil from Vietnam was extracted by
water or steam distillation method (yields 2.1% and 2.05%,
respectively). ar-curcumene (11.7%) and [-bisabolene
(4.1%) were the main components of essential oil, ex-
tracted by steam distillation, while ar-curcumene (12.6%),
a-zingiberene (10.3%), P-bisabolene (8.1%) and [-ses-
quiphellandrene (7.4%) were present in essential oil
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extracted by steam distillation [22]. The ginger essential
oil from Algeria had citral (30.8%), zingiberene (17.07%),
B-bisabolene, geranyl acetate (6.7%), B-sesquiphellandrene
(5.9%), 1,8-cineol (6.1%) and geraniol (6.1%) [23].

The other effective factor on chemical composition of
oil is the method, which is used for extraction of ginger oil.
The essential oil from Brazilian ginger rhizomes, which
were extracted by hydro-distillation method and supercrit-
ical fluid extraction using CO, had lower extraction's yield
in hydro-distillation method than that of supercritical fluid
extraction method. a-zingiberene, [B-sesquiphellandrene,
ar-curcumene, a-farnesene, -bisabolene and geranial were
the main components of ginger oil extracted by supercrit-
ical critical extraction using CO, (at 25 MPa, temperature
333.15 K). ar-curcumene, geranial and camphene were the
main components of hydro-distilled ginger essential oil.
The content of a-zingiberene was lower in hydro-distilled
ginger essential oil [24]. Furthermore, the highest yield for
essential oil (3.1%) and 6-gingerol content (20.7%) were
achieved by supercritical fluid extraction at 15 MPa, 35 °C
and 15 g/min. The essential oil yield for scale up of this
method was 3.83% with 18% of 6-gingerol. The essential
oil's yield was 1.9% with 6-gingerol content of 14.8% for
high pressure Soxhlet with CO,. Extraction of essential oils
with other methods such as Soxhlet with n-hexane or etha-
nol percolation had disadvantages of residual solvent and
low content of 6-gingerol (4.59-6.26%) [25]. Proteolytic en-
zyme (Zingibain), oleoresin, vitamins, minerals, gingerols,
shogaols, paradols and zingerone were found in ginger es-
sential oil [26] and has been confirmed that y-irradiation of
rhizome (60 Gy) had no detectable effects on qualitative
and quantitative of components of extracted essential oil
[16]. The citral content of ginger essential oil from dried
rhizome was lower than the oil from fresh ginger. The un-
peeled or coated rhizomes had the better yield of essential
oil [27]. The structure of main components in ginger essen-
tial oil is presented in Fig. 1. Therefore, defining a protocol
for gathering, drying and extraction method help to prepare
a standard on chemical profile of ginger essential oil by
international organizations in order to overcome the diver-
sity of chemical composition of essential oil.

Pharmacological effects of ginger essential oil
Although, the chemical compositions of ginger essential
oil are affected from many factors, but different pharma-
cological and biological activities are reported for ginger
essential oil in different literatures.

Antimicrobial activity of ginger essential oil

Brazilian ginger rhizomes essential oil with main
components of a-zingiberene, [-sesquiphellandrene,
ar-curcumene, o-farnesene, P-bisabolene and geranial
had the higher inhibition zone diameters for Staphylococ-
cus aureus and Listeria monocytogenes, followed by
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Pseudomonas aeruginosa. Salmonella typhimurium, Shi-
gella flexneri and Escherichia coli were resistant to ginger
essential oil [24]. The higher sensitivity of S. aureus than
that of E. coli to ginger essential oil were confirmed in
other study [28]. Ginger essential oil exhibited the MIC
values of 8.69, 86.92, 173.84 and 869.2 mg/ml for S. aur-
eus, Bacillus subtilis, E. coli and Penicillium spp. [29]. The
antibacterial evaluation of ginger essential oil against
Gram negative bacteria; Escherichia coli ATCC 25922,
Acinetobacter baumannii ATCC 19606, Pseudomonas aer-
uginosa ATCC 27853, and 30 multidrug-resistant (MDR)
A. baumannii isolates showed the inhibition zone diame-
ters of 11.5, 6, 6, 10 mm. The MICs;, and MICy, values of
ginger essential oil were 2 and 4 mg/ml against MDR-A.
baumannii. The corresponding MBC were 4 mg/ml. Tea

tree oil was used as positive control in this study with
MIC and MBC values of 2 and 4 mg/ml, respectively [30].
The antifungal activity of Vietnamese ginger essential oil
with ar-cucumene, [-bisabolene, «-zingiberene and
B-sesquiphellandrene against Botrytis cinerea, Penicillium
sp., Aspergillus niger, followed by Rhizopus nigricans, Sac-
charomyces cerevisiae, and Candida albicans, were con-
firmed. Bacillus subtilis, Staphylococcus epidermidis,
Salmonella abony, Escherichia coli, and Bacillus pumilus
showed less sensitivity to Vietnamese ginger essential oil.
Pseudomonas aeruginosa was resistant to ginger essential
oil [22]. Ginger essential oil had less activity against
Streptococcus pneumoniae R36A [31]. The ginger es-
sential oil had antibacterial effects against Campylo-
bacter jejuni, E. coli Oy57:H;, L. monocytogenes, and
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Salmonella enterica [32]. The ginger essential oil with
citral (30.8%) and zingiberene (17.07 %), B-bisabolene,
geranyl acetate (6.7%), [-sesquiphellandrene (5.9%),
1,8-cineol (6.1%) and geraniol (6.1%) showed anti-
microbial activity against S. awreus ATCC 25923,
Streptococcus pyogenes ATCC 19615, B. subtilis ATCC
6633, Salmonella typhi ATCC 23564, A. niger ATCC
9029, and P. aeruginosa ATCC 27853. E. coli ATCC
25922, Citrobacter koseri ATCC 27028 and Proteus
mirabilis ATCC 29906 exhibited less sensitivity to
ginger essential oil [23]. It seems that ginger essential
oil showed the best antibacterial activity against Gram
positive bacteria than that of Gram negative ones.
Also, the results of antibacterial effects of ginger es-
sential oil showed that this activities influence from
the chemical composition of ginger essential oil. Fur-
thermore, the antifungal activities of ginger essential
oils had been the subjects of other research studies.

Ginger essential oil showed anti-dermatophyte effects
against Trichophyton rubrum, and Microsporum gyp-
seum. Also, a synergistic effects between Curcuma longa
and ginger essential oils were confirmed against T.
rubrum, and M. gypseum [33]. Ginger essential oil with
zingiberene (37.65 %), -amorphene (19.8%), a-curcumin
(11.3%), and a-bisabolene (10.4%) had significant effects
on A. flavus growth and aflatoxin B; and B, production
[34]. The fresh ginger rhizome essential oil containing
a-zingiberene (23.9%) and citral (21.7%) inhibited Fusar-
ium verticillioides with MIC value of 2.5 mg/ml. An os-
cillation in ergosterol production was caused after
exposure to 0.5-3 mg/ml ginger essential oil and ergos-
terol production was inhibited in higher concentrations
of ginger essential oil (57-100%). Ginger essential oil
inhibited the production of fumonisin B;, and B,. Cor-
relation between the inhibition of ergosterol biosynthesis
and fumonisin production is associated with reduction
in fungal biomass. Ginger essential oil decreased cyto-
plasmic content of fungi and interrupted membrane in-
tegrity [18]. The results of antimicrobial evaluations of
ginger essential oil propose it as broad spectrum anti-
microbial agents (Table 2) in pharmaceutical industry or
as natural preservative in food or cosmetic industries.

Antioxidant activity of ginger essential oil
Production of free radicals in the body and its relation
with different human diseases, investigation on natural
antioxidants has increased among the scientists.

The antioxidant evaluation of Chinese ginger essential
oil had ECs5q (mg/ml) of 63.23, 11.68 and 0.118 in redu-
cing power, DPPH scavenging and H,O, scavenging as-
says. The corresponding ECs, for ascorbic acid were
0,.025, 0.005, 0.478, respectively and for quercetin were
0.017, 0.002, 0.078 [35]. Ginger essential oil also showed
antioxidant activity in ABST assay. 0.87 to 869.2 mg/mL
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essential oil showed 12.1-80.53% radical scavenging ac-
tivity versus 7.5-69.3% for 0.08-0.6 mg/ml ascorbic acid.
IC5p of ABST (mg/ml) were 1.82+0.034 for ginger essen-
tial oil [29]. Intra-peritoneal injection of ginger essential
oil scavenged the superoxide, hydroxide radicals and
inhibited tissue lipid peroxidation. 250 mg/kg ginger es-
sential oil suppressed (18.25%) phorbol 12-myristate
13-acetate (PMA) induced superoxide radicals in macro-
phages. Oral administration of 100 or 200 mg/kg ginger
essential oil for 30 days in mice increased the antioxi-
dant enzymes such as catalase, super oxide dismutase,
glutathione, glutathione reductase in blood compared
with control group (paraffin oil). Ginger essential oil in-
creased the level of superoxide dismutase, glutathione
peroxidase and glutathione-s-transferase in liver [27].
The results of studies showed the role of ginger essential
oil in protecting the cells from extracellular deleterious
radicals, by increasing the serum and liver antioxidant
enzymes.

Bronchodilator effects of ginger oil

The bronchodilator effects of ginger essential oil were
confirmed on airway system. Ginger essential oil with
citral, eucalyptol and camphor had relaxing effect on
rat's airway and inhibited the carbachol induced rat tra-
cheal contraction. The bronchodilator effect of ginger
essential oil is related to citral, eucalyptol. The broncho-
dilator effects of ginger essential oil reversed by propran-
olol, while L-NAME and indomethacin had no effect on
bronchodilator effects of ginger essential oil and citral.
Propranolol is [-adrenergic receptor antagonist, while
indomethacin and L- NAME were CO, inhibitor and
NOS inhibitor. Therefore, -adrenergic receptors were
involved in bronchodilator effects of ginger essential oil
[36]. The bronchodilator effects of ginger essential oil
are according to traditional uses of ginger syrup for re-
spiratory problems. The bronchodilator effects of ginger
essential oil in modern medicine confirm its traditional
uses for management of cough.

Anti-inflammatory and analgesic effects of ginger
essential oil

Inflammation plays important role in the body. The
anti-inflammatory effects of ginger essential oil were
evaluated in streptococcal cell wall-induced rheumatoid
arthritis model in female Lewis arthritis. Daily Intra-
peritoneal injection of 28 mg/kg ginger essential oil
inhibited the chronic joint inflammation without any ef-
fects in initial acute phase of joint inflammation or
granuloma formation at the site of streptococcal cell wall
deposition in liver. Ginger essential oil acts as phyto-
estrogen without any in vivo effect on estrogen target
organ [37]. The anti-edema effects of ginger essential oil
(100, 500 and 1000 mg/kg) in carrageenan induced paw
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edema of mice were 27.8, 44.4 and 61.1% in a dose
dependent manner vs. 55.6% for 10 mg/kg diclofenac.
Ginger essential oil showed inhibitory effects against
dextran induced inflammation. Ginger essential oil sup-
pressed the chronic inflammation induced by formalin.
100, 500 and 1000 mg/kg ginger essential oil showed in-
hibitory effects on formalin induced inflammation about
54.17, 62.5 and 70.8%, respectively vs. 54.8% for 10 mg/
kg diclofenac. In carrageenan induced inflammation, the
anti-inflammatory mediators such as histamine, bradyki-
nins and prostaglandins were involved. Due to the
anti-inflammatory effects of ginger essential oil in kinin,
carrageenan induced paw edema and chronic edema, it
seems that the anti-inflammatory effects of ginger essen-
tial oil is related to inhibition of prostaglandin release
[27]. The analgesic effects of ginger essential oil in acetic
acid writhing model showed that 100, 500 and 1000 mg/
kg ginger essential oil inhibited the writhing reflux by
13.1%, 70.64% and 92.15%. The analgesic effects of 500
mg/kg ginger essential oil was comparable with 10 mg/kg
aspirin. The antinociceptive effects of ginger essential oil
is strong and is related to inhibition of arachidonic acid
metabolite synthesis by cyclooxygenase inhibition [27].
Evaluating the anti-inflammatory/analgesic effects of
ginger essential oil (2%) in Male Sprague rats by Randall
Selitto assay exhibited that ginger essential oil signifi-
cantly increased the threshold of hind paw for 1 h.
Counting the c-Fos positive spinal neuron in rat's spinal
cords showed ginger essential oil completely suppressed
the pressure induced in the dorsal horn of spinal cord,
which implicating that the inhibitory effects of ginger es-
sential oil on pain transmission in primary sensory neu-
rons of the dorsal root ganglia or at the spinal cord
level. The suppressor effects of ginger essential oil on
Complete Freund's Adjuvants-induced-paw edema im-
plicated on its anti-inflammatory effects [38]. The anal-
gesic effects of ginger essential oil were investigated
again in mice using hot plate and acetic acid test. 0.25-1
g/kg ginger essential oil had significant analgesic effects
in hot plate and acetic acid test. 1 g/kg ginger essential
oil reduced the writhes about 64.3% compared to 81.3%
for indomethacin (0.01 g/kg). 1 g/kg ginger essential oil
caused prolong ratio of 243.1% in hot plate test com-
pared to 274.5% for indomethacin. 0.25-1 mg/kg ginger
essential oil reduced inflammation in carrageenan in-
duced rat paw edema, adjuvant arthritis and inhibited
inflammatory mediators, which induced vascular perme-
ability. Ginger essential oil at concentration of 1 g/kg re-
duced the hind paw edema about 66.5% in carrageenan
test, while the corresponding value was 80.5% for 0.5 g/
kg aspirin. 1 g/kg ginger essential oil reduced 35.6%
edema in Freund's adjuvant-induced arthritis in rats vs.
51.9% for 0.0025 g/kg dexamethasone. 0.5 g/kg ginger
essential oil inhibited the inflammatory mediators of
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bradykinins, histamine and arachidonic acid, comparable
to 0.01 g/kg indomethacin [39].

The effect of ginger essential oil on leukocyte chemo-
taxis in vitro condition showed that treatment with
ginger essential oil decreased the leukocyte migration to-
ward casein stimuli. Pretreatment with dexamethasone
suppressed casein induced leukocyte migration. After
oral pretreatment of carrageenan injected mice with 200
or 500 mg/kg ginger essential oil, a reduction in number
of rolling, adherent cells and migrated leukocytes were
observed and this effects were comparable with 5 mg/kg
indomethacin [40].

The results of preclinical studies on analgesic and
anti-inflammatory effects of ginger essential oil were
evaluated in clinical studies.

In randomized controlled trial, the effects of Swedish
massage with ginger essential oil (2% in jojoba oil) were
compared to Thai massage on 140 older adult patients
with chronic low back pain and disability. The patients
were randomly divided in two groups and treated with
Swedish massage with ginger essential oil or Thai mas-
sage 30 min, twice a week for five weeks. The effective-
ness of treatment was evaluated by Visual Analogue
Scale (VAS) after each massage, McGill Pain Question-
naire after 6 (short term) and 15 weeks (long term) and
Owestry Disability Questionnaire (ODQ). At the base-
line, there was no significant difference between two
groups, in regard of demographic and back pain charac-
teristic. A significant reduction in pain intensity was ob-
served in both groups immediately after massage
compared to baseline, but this difference between two
groups was not significant immediately after the mas-
sages. Evaluation the McGill Pain scores exhibited a
greater reduction in back pain intensity in Swedish mas-
sage with ginger essential oil than the Thai massage.
Two types of massages reduced back pain intensity.
Evaluation the effects of treatment on disability showed
a significant difference between two groups after treat-
ment. More reduction in ODQ was observed in Swedish
massage with ginger essential oil than that of Thai mas-
sage. The disability rating improved across the period of
treatment in both groups, but this improvement was
higher in Swedish massage with ginger essential oil
group. The results of this clinical study showed the im-
mediate, short and long effectiveness of treatments with
ginger essential oil [41]. In other double blind placebo
controlled experimental study, the effectiveness of mas-
sage with 1% ginger essential oil plus 0.5% orange essen-
tial oil in olive oil was evaluated on fifty nine older
patients with moderate to severe knee pain. The patients
massaged twice a weeks for 3-weeks period. The patients
were evaluated at the baseline, post 1-week and post
4-weeks after therapy by evaluation of knee pain inten-
sity, stiffness level and physical functioning and quality
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of life. 19, 17 and 17 patients completed the study in
intervention, placebo and control groups, respectively.
The patients in intervention group received an aromatic
oil massage with essential oils, the placebo group re-
ceived olive oil massage, and control group received no
massage, but had conventional treatments. There was no
significant difference between groups in regard of
socio-demographic characteristic and outcome mea-
sures, the use of oral analgesic and NSAIDs. Greater
pain and poorer in fulfilling physical roles was observed
in patients of control group than that of placebo and
intervention groups. Reduction in knee pain and stiff-
ness relief were similar among three groups at post 1
and 4-week of treatments, but within groups, the reduc-
tion in knee pain rating and stiffness relief outcomes
were significant in intervention group (p=0.02, p=0.03),
while in placebo group and control group, no significant
reduction was observed. Within group, physical func-
tions showed more improvement in intervention group
than the placebo or control group. No significant differ-
ence was observed in life quality between baselines and
post 4-week for all groups. No major adverse effects
were reported during the study for all groups, only one
patient in placebo group reported more pain after mas-
sage therapy [42]. Massage therapy with ginger essential
oil relieved moderate to severe knee joint pain, daily func-
tion and stiffness in short term without adverse effects
and effects on quality of life. The anti-inflammatory and
analgesic effects of ginger essential oil confirm the trad-
itional uses of ginger root in treatment of inflammatory
diseases of gastrointestinal tracts. Therefore, it could be a
good natural treatment for Irritable Bowel syndrome
(IBS), colic or musculoskeletal pain.

Anticancer effects of ginger essential oil

Anticancer effects of ginger essential oil were the other
subject of investigation. The ICs, values for 46.2-172 pg/
ml a-zingiberene as one main component of ginger es-
sential oil was reported 60.6, 46.2, 172 and 80.3 pg/ml for
HeLa, SiHa, MCEF-7 and HL-60 cell lines. a-zingiberene
caused nucleosomal DNA fragmentation, increased the
percentage of sub-diploid cells, apoptosis, activated the
caspases in SiHa cells. The ICs, values of ginger essential
oil with a-zingiberene (35.0%), ar-curcumene (15.3%),
B-sesquiphellandrene (12.3%) were in the ranges of
38.6-82 pg/ml against cell lines. The lowest ICs, for ginger
oil was related to SiHa (38.6 pg/ml). The ICsq values of
cisplatin as control group were 28.2, 56.2, 31.2 and 31.1
for HeLa, SiHa, MCF-7 and HL60, respectively [43].

The neutral red (NR) and tetrazolium MTT assays
confirmed the cytotoxic effects of ginger essential oil
(camphene, 1,8-cineole, -phellandrene, neral, and gera-
nial) against HepG2 and HeLa cells. The MTT-ICsq (pul/ml)
values of ginger essential oil were 635.1 and 141.4 for
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HepG2 and HeLa cells, respectively. The corresponding
NRU-IC5, was 635.1 and 129.9 pl/ml, respectively. The
anti-proliferative effects of ginger essential oil against
HeLa cervical cancer cells are created by cell membrane
protrusions, blebbing and chromatin condensation. In-
creasing the concentration of ginger essential oil to 1928
pl/ml caused the amorphous cells, blebbing and chroma-
tin condensation, which finally caused cell death by apop-
tosis, similar to those of camptothecin [44]. In other
preclinical study, 10 pl/day ginger essential oil for 14 days
on acid soluble sulfhydryl levels and hepatic carcinogen
metabolizing enzymes (cytochrome P450, aryl hydrocar-
bon hydroxylase and glutathione-S-transferase) in Swiss
albino mice showed that ginger essential oil signifi-
cantly increased aryl hydrocarbon hydroxylase and
glutathione-S-transferase [45].

Anti-ulcer effects of ginger essential oil

Ginger essential oil can be used as anti-ulcer agent for
treatment of gastrointestinal ulcers. The gastric protect-
ive effects of 0.5, 1 g/kg ginger essential oil (5 days) in
aspirin-pylorus ligation induced ulcer model in Wistar
rats by evaluating the ulcer index, serum y-GTP levels,
gastric wall mucus thickness and total acidity of gastric
juice showed no significant changes on volume of gastric
juice, but a reduction in serum y-GTP levels and in-
crease in the means of gastric wall mucus thickness were
observed. Oral omeprazole treatment (10 mg/kg) signifi-
cantly reduced the serum y-GTP levels, ulcer index, and
total acidity with increase in gastric wall mucus thick-
ness. Omeprazole had no effects on volume of gastric
juice compared to control group. In control group, a sig-
nificant increase in serum y-GTP levels, ulcer index and
reduction in gastric wall mucus thickness was observed
[46]. Furthermore, oral ginger essential oil (zingiberene
(28.1%), ar-curcumene (14.1%), p-bisabolene (13.2%),
a-sesquiphellandrene (12.9%), sabinene (9.3%) and cam-
phene (4.1%) had protective effects against ulcerative
colitis induced by acetic acid. The colon weight/length
ratio reduced after treatment with different concentra-
tions of ginger essential oil (100, 200 and 400 mg/kg) for
5 days. Ulcer severity, ulcer area and ulcer index reduced
after administration of 200 and 400 mg/kg ginger essential
oil. 400 mg/kg ginger essential oil reduced the inflamma-
tion extent and severity. In this animal study, the ulcer
score, ulcer area, ulcer index for 400 mg/kg ginger essential
oil was comparable to 4 mg/kg prednisolone [47]. Ginger
essential oil had good potency for treatment of ulcerative
colitis or gastric ulcers in animal studies, therefore, its po-
tency can be evaluated in large human clinical studies.

Immuno-modulatory effects of ginger essential oil
Ginger essential oil is known as immunomodulator agent.
The effect of ginger essential oil on cellular immune
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response was the subject of different investigations.
0.001-10 ng/ml ginger essential oil had significant inhibi-
tory effects on T lymphocyte proliferation. Also, the
number of total T lymphocytes and T helper cells de-
creased in a dose dependent. The percentage of T sup-
pressor cells to the total T lymphocyte increased in
mice after treatment with ginger essential oil. IL-1a se-
cretion by mice peritoneal macrophages, which impli-
cated on its anti-inflammatory effects, was inhibited by
ginger essential oil. In animal model, reduction in de-
layed type of hypersensitivity response to 2, 4-dinitro-
1-fluorobenzene was observed in sensitized mice after oral
administration of 0.125, 0.25 and 0.5 g/kg ginger essential
oil. Oral administration of ginger essential oil had signifi-
cant effects on reduction of thymus and spleen index [48].
The results of this study confirmed the effects of ginger
essential oil on cell mediated immune response and non-
specific proliferation of T lymphocyte.

Other pharmacological effects of ginger essential
oil

The use of ginger essential oil in reducing of high risk of
post-operative nausea and vomiting was the subject of
clinical study. A solution of ginger essential oil (5% in
grape seed oil) was applied naso-cutaneously in manage-
ment of nausea in general anesthesia of patients with
high risk of post-operative nausea and vomiting. Ginger
oil solution was applied on both wrists and inserted to
anesthesia medication. The results of study showed the
lower incidence of nausea and vomiting in ginger essen-
tial oil treated patients in post anesthesia recovery unit
about 20%. In ginger essential oil group, the high risk
patients with post-operative nausea and vomiting re-
ceived only one single intravenous supplemental medica-
tion to control nausea. The patients in control group
experienced post-operative nausea and vomiting about
50/50. Ginger essential oil was tolerated by patients and is
regarded as safe treatment [49]. Ginger rhizomes as an ef-
fective and safe treatment and adjuvant treatment for
nausea and vomiting in pregnancy and chemotherapy-in-
duced nausea were confirmed in various preclinical and
clinical studies [50].

The anti-emetic effect of ginger essential oil is related
to shogaols and 6-, 8-, and 10-gingerols [51]. The warming
effect of ginger essential oil is mediated by decreasing the
body serotonin [52]. 6-shogaol inhibits the release of sub-
stance P and shows capsaicin like effect [53]. The anxio-
Iytic effect of ginger essential oil was confirmed [54].

The pesticide effect of ginger essential oil was con-
firmed against adults and larva of Dermestes maculatus
De Geer (adult and larva). 1.33 pl/ml essential oil expos-
ure of adult pesticide for 6 h caused 36.2% mortality.
The larva was more sensitive than that of adults. The
percentage of mortality increased with time exposure of
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pest with essential oil. The LDgy, of ginger essential oil
were 12.92, 5.14 and 3.06 after 6, 12 and 18 h exposure
of D. maculatus larva. The corresponding LDgy were
6.52, 4.64 and 4.64 on adults of D. maculatus [55].

Safety

Ginger has liver metabolism, therefore it rapidly elimi-
nates from the blood after oral ingestion. According to
monographs on fragrance raw materials (Research insti-
tute on Fragrance materials, 1972), the usual acceptance
concentrations of ginger essential oil in soap, detergent,
creams-lotion and perfumes are 0.01, 0.001, 0.005 and
0.08, respectively, while higher than 0.1, 0.01, 0.03 and
0.4% are not permitted in food. Ginger essential oil is
approved by FEMA and FDA as GRAS for food uses.
The LDs, of ginger essential oil was reported 3.197 g/kg
in mice [39].

The acute oral LDs, in rats and the acute dermal LDs,
in rabbits were higher than 5 g/kg. The applied pure gin-
ger essential oil on the backs of hairless mice had no ir-
ritating reaction. Pure essential oil on intact or abraded
rabbit skin for 24 h under occlusion caused moderate ir-
ritating. 4% ginger essential oil in petrolatum caused no
irritation and no sensitization after 48 h closed patch
test in human subjects, but the dermal products contain-
ing ginger essential oil may produce dermatitis in hyper-
sensitive individuals [56].

Oral administration of ginger essential oil (0.3, 0.6 and
1.2 g/kg) for 180 days in dogs reduced the thymus and
spleen index, furthermore, 0.5, 1.0 and 2.0 g/kg ginger
essential oil to rats for 180 days had no effects in thymus
and spleen index. Histopathological examinations of
thymus and spleen samples showed reduction in the
number of T lymphocytes in thymus and mild degener-
ation in adrenal gland cortex in both animals. Discon-
tinuing the treatment for 30 days recovered the animals
to the normal level [57]. Oral daily administration of
rats with 100, 250 and 500 mg/kg for 13 weeks caused
on changes in hematological parameters, serum electro-
lyte, renal functions or histopathology of vital organs
[58]. Ginger one dose dependently inhibited the spon-
taneous contractile movements in the isolated colonic
segments and colonic motility in rats without any effect
on blood pressure and heart rate via direct effect on
smooth muscle [59].

3-4 cups of Tea (1 tablespoon grated raw root per cup
with boiling water), 1-2 g powder, and 1.5-3 ml of tinc-
ture (three times), are recommended daily. The pregnant
women do not use the ginger higher than 1 g, and
should not exceed 4 g per day in general population.
Due to the effect of ginger to increase the risk of bleed-
ing, the use of ginger should discontinue 1-2 weeks be-
fore surgical procedures [60].
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Conclusion

Although, Ginger rhizome is known as spice in different
cultures, and the majority of studies have been focused
on anti-emetic, anti-vomiting and analgesic effects of
ginger extracts, attention to ginger essential oil in man-
agement of gastrointestinal tract's diseases with ulcer
and pain, respiratory system with infection should be
considered. Ginger essential oil is extracted from ginger
rhizomes, which the chemical composition of ginger oils
influences from geographical region, extraction methods,
freshness or dryness of rhizomes. Due to the chemical
composition of ginger oil is affected from many different
factors such as geographical condition, freshness or dry-
ness of rhizome, methods of drying or extraction, stand-
ardizing the ginger essential oil according to main
component and other main biological compounds is
valuable, because the biological activity of ginger essential
oil is depended on chemical components. The antibacter-
ial, antifungal, analgesic, anti-inflammatory, anti-ulcer, im-
munomodulatory, relaxant, warming effects of ginger
essential oil were confirmed in experimental and preclin-
ical studies. The safety issue of ginger essential oil is well
documented and is generally regarded as safe.

Due to the high yield of ginger essential oil and wide
biological effects of ginger essential oil, its use in herbal
formulations should be considered in many different
basis rather than aromatherapy.
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